The coadsorption of methanol (CH 3 OH) and water (D 2 O) on the MgO͑100͒/Mo͑100͒ surface at 100 K has been studied by metastable impact electron spectroscopy ͑MIES͒, ultraviolet photoelectron spectroscopy ͓UPS ͑HeI͔͒, and by thermal programmed desorption ͑TPD͒. Methanol wets the MgO surface and adsorbs nondissociatively within the first monolayer with the hydroxyl group oriented toward the substrate. In coadsorption experiments, methanol wets a water precovered MgO surface; however, adding water to a methanol precovered MgO surface does not yield a water-only surface. Essentially, a constant fraction of the preadsorbed methanol remains within the topmost surface layer during the buildup of the water multilayer. Temperature-dependent measurements show that the adsorption and desorption dynamics of both water and methanol are governed by intermolecular interactions rather than adsorbate-substrate interactions.
I. INTRODUCTION
Amorphous solid water ͑AWS͒ is a phase of condensed water, formed during water condensation at cryogenic temperatures ͑Ͻ145 K͒, that is metastable with respect to crystalline ice. 1 Recently the structure of amorphous solid water and the interaction of ASW with molecular adsorbates have attracted considerable interest. [2] [3] [4] [5] [6] In recent studies the film morphology of thin water films at low temperatures was found to be strongly influenced by the nature of the substrate itself. 6, 7 In previous studies we have investigated the adsorption of water and methanol on thin MgO films grown epitaxially on a Mo͑100͒ substrate ͑see Ref. 8 for a review͒. In addition to adsorption experiments on water precovered surfaces at low temperatures, considerable data exist for adsorption onto water clusters ͑see Ref. 9 for a review͒. Altogether, from these studies and results from condensed water layers, 10 a rather complete picture of the interaction of pure methanol with condensed amorphous water has emerged. However, questions remain with respect to the methanol-water interface upon condensation of methanol onto solid water.
The goals of the present study were to investigate the applicability of ASW as a model for liquid water 1, 2, 11 and the relative influence of adsorbate-adsorbate versus adsorbatesubstrate interactions for coadsorbed water and methanol. To gain information about the modification of the topmost water layer during the adsorption of methanol, metastable impact electron spectroscopy ͑MIES͒ ͑see Ref. 12 for a review͒ was used in combination with ultraviolet photoelectron spectroscopy ͑UPS͒. Since MIES selectively probes the electronic structure of the outermost surface, this technique provides information regarding the relative abundance of methanol and water in the topmost layer. In contrast, UPS probes the several topmost layers and thus can be utilized to estimate the water/methanol layer thickness and the overall composition in the near surface region. However, due to the averaging properties of UPS, this technique is not especially useful for characterizing the methanol/water interface. Accordingly, the use of MIES will be stressed in this work. A similar approach has proven to be useful in previous investigations of low vapor pressure liquids. 13 In order to link our electron spectroscopic data to previous TPD results for the adsorption of methanol and water on MgO-covered Mo͑100͒, 8 and to provide a better understanding of the molecular dynamics for adsorption/desorption at elevated substrate temperatures, the MIES/UPS data as a function of the substrate temperature will also be discussed. In addition, new TPD data are introduced and discussed as well.
II. EXPERIMENT
The experiments were carried out in an ultrahigh vacuum ͑UHV͒ system ͑base pressure Ͻ2ϫ10 Ϫ10 Torr͒ consisting of two interconnected chambers, one for sample treatment, low energy electron diffraction ͑LEED͒ and TPD, and the other for electron spectroscopy. In the latter, facilities are available for x-ray photoelectron spectroscopy ͑XPS͒, Auger electron spectroscopy ͑AES͒, UPS, and MIES. TPD experiments were carried out using a differentially pumped quadrupole mass spectrometer ͑QMS͒; spectra were collected at a linear heating rate of 3 K/s with the sample in line-of-sight to the QMS. MIES and UPS spectra were measured simultaneously using a cold-cathode discharge source which has been described previously. 14, 15 Briefly, a helium coldcathode gas discharge provides both ultraviolet photons ͑HeI͒ and metastable He* 2 3 S/2 1 S (E*ϭ19.8/20.6 eV) atoms with thermal kinetic energy. The triplet-to-singlet ratio has been measured by He*-Ar impact as 7:1, but very efficient conversion into He* 2 3 S has been observed on metallic and semiconducting surfaces. [16] [17] [18] Metastable and photon contributions within the beam were separated by means of a a͒ Author to whom correspondence should be addressed.
time-of-flight method using a mechanical chopper. The collection of a MIES/UPS spectrum requires approximately 90 s. MIES and UPS spectra were acquired with an incident photon/metastable beam 45°with respect to the surface normal in a constant pass energy mode using a double pass cylindrical mirror analyzer ͑CMA͒. The energy denoted by E F in the spectra corresponds to electrons emitted from the Fermi level of the Mo͑100͒ substrate. In the following spectra all binding energies are referenced to E F . Since the metallic Mo substrate and the analyzer are in electrical contact, the Fermi energy appears at a constant position. Biasing of the sample ͑45 V, negative on the sample͒ permits the work function change of the surface to be measured directly from the high binding-energy cutoff of the spectra.
MgO films were grown by depositing Mg in 1 ϫ10 Ϫ6 Torr O 2 ambient on the Mo͑100͒ surface at 550 K, followed by a 20 min anneal at 750 K in a 1ϫ10 Ϫ7 Torr O 2 background. The Mg source was made from a high-purity Mg ribbon wrapped around a tantalum filament. As shown in previous investigations, MgO films prepared under these conditions grow epitaxially on the Mo͑100͒ substrate. [19] [20] [21] The quality of the MgO layers was checked by means of MIES, UPS, AES, and LEED. Water and methanol were dosed to the surface following the previously described procedure.
21,22 D 2 O ͑CIL, 99.9%͒ and methanol ͑EM, 99.99%͒ were used after further purification via several freeze-pump-thaw cycles ͑vacuum distillation͒. Finally, both molecules were dosed to the sample from separate leak valves by backfilling the UHV system. Since the exposure in Langmuir ͑L͒, Lϭ1ϫ10 Ϫ6 Torr-s, for all dosed molecular species was determined with a nitrogen calibrated ion gauge, the given exposures are only useful as relative values. The stability of the respective partial pressures during dosage was monitored with a mass spectrometer. The absolute coverages were determined by TPD and cross referenced with the exposures in the MIES and UPS experiments.
III. RESULTS

A. Electron spectroscopy
MIES and UPS spectra of a MgO-covered Mo͑100͒ surface acquired during methanol exposure are presented in Fig.  1 . By AES, the thickness of the MgO layer is approximately five monolayers ͑ML͒. The MIES and UPS spectra of the clean MgO͑100͒ surface ͑uppermost spectra in Fig. 1͒ agree well with those reported previously. 23 The structure denoted by O(2p) corresponds to emission from the O 2 p valence band of the MgO͑100͒ substrate. Methanol was dosed ͑0.12 L per min, 0.18 L per spectrum͒ at a substrate temperature of 100 K. MIES and UPS spectra were recorded continuously during the exposure. Due to the insulating properties of the clean MgO͑100͒ surface, no intensity between E F and 3.8 eV binding energy is apparent in the uppermost spectra. Thus no occupied states exist in resonance with the impinging He 2s electron, resulting in MIES spectra dominated by the Auger deexcitation process. Since in the present work all experiments are performed on the MgO surface, contributions from the Auger capture process need not be considered. This then allows a direct comparison between the MIES and UPS data. 24 Starting from the uppermost spectra, typical for a clean MgO surface, a continuous evolution of spectral features reminiscent of gas phase 25 and condensed 26 methanol is observed in the MIES and UPS data of Fig. 1 . Binding energies and molecular orbital assignments for the four methanol induced features 2aЉ(n OЌ ), 7aЈ(n Oʈ ), 6aЈ( CO ) ϩ1aЉ(⌸ CO ), and 5aЈ( OH ) based on gas-phase photoelectron and Penning ionization electron spectroscopies ͑PIES͒ M 2 , M 3 , and M 4 , respectively. Since the 1aЉ(⌸ CO ) orbital does not exhibit a distinct feature in MIES or UPS and merely augments the M 3 band, it is not assigned in Fig. 1 . After an exposure of ϳ4 L ͑dotted spectra͒, the complete disappearance of the pronounced O(2 p) structure in MIES indicates that the substrate is essentially covered by methanol. This 4 L exposure then corresponds to completion of the first methanol monolayer and to the onset of second layer methanol adsorption. This assignment is supported by the relatively weak intensities of the M 1 and M 2 bands, which are associated predominately with the oxygen lone-pair orbitals directed perpendicular and parallel to the C-O-H plane, respectively. For methanol in direct contact with the MgO surface, it is likely that these orbitals are the ones involved in the formation of a molecule-substrate bond. Such bonding should, in turn, lead to a loss of the lone-pair character of these orbitals. On the other hand, at an exposure of 4 L the corresponding UPS spectrum shows an attenuated, although distinct O(2 p), band. These observations strongly suggest that the first layer of methanol wets the MgO surface. We estimate, assuming a constant sticking coefficient, the methanol layer thickness at an exposure of 8 L ͑bottom spectra͒ to be ϳ2 ML.
The corresponding electron spectroscopic data acquired during the exposure of water to the MgO-covered Mo͑100͒ surface have been recently published. 27 This study showed that similar to methanol, water wets the MgO/Mo͑100͒ surface. Further studies have shown that complete coverage of the MgO surface by water does not coincide with the onset of multilayer water. 28 Figure 2 presents MIES data acquired while dosing methanol on a water precovered MgO/Mo͑100͒ surface. The uppermost spectrum in Fig. 2 corresponds to a surface subsequent to a 24 L water ͑ϳ6 ML͒ exposure at 100 K. Binding energies and molecular orbital assignments for the three water induced bands 1b 1 , 3a 1 , and 1b 2 based on gas-phase photoelectron spectra 29 and Penning ionization electron spectra ͑PIES͒ 30, 31 are also presented in the figure. These three water bands are designated as W 1 , W 2 , and W 3 , respectively. During methanol dosing, a continuous change from a spectrum typical for a water-covered MgO surface ͑uppermost spectrum͒ to a spectrum similar to that for methanol adsorbed on MgO ͑bottom spectrum͒ is observed in Fig. 2 . Interestingly, at a relative low dosage of 3.5 L methanol, no contribution of water is detectable with MIES, whereas UPS ͑not shown here͒ shows a strong contribution from the underlying water multilayer. From this we conclude that methanol wets the water precovered surface and that the sticking probability of methanol on water is equal to or slightly higher than for methanol on MgO. In addition, these results suggest that no significant amount of methanol is incorporated into the subsurface region.
In order to gain more information regarding methanol interaction with a water multilayer, MIES and UPS data were collected while increasing the substrate temperature from 100 to 500 K. A sequence of MIES spectra acquired under those conditions is presented in Fig. 3 . Starting at 105 K ͑bottom spectrum͒, the temperature increases from scan to scan in almost equivalent steps ͑5 K per spectrum, 0.03 K/s͒; the temperature gradient changes to 50 K per spectrum for substrate temperatures over 165 K. Up to 125 K there is no change in the spectral features which are dominated by contributions from methanol. It is noteworthy that the increase in the overall intensity of the three bottom spectra is due primarily to the applied heating current, which acts as an electromagnetic lens, focusing electrons from the substrate to the analyzer. However, the slight change in the intensity of the M 1 and M 2 band at temperatures above 125 K indicates a change in the methanol adlayer, which can mean either a slight desorption/reorganization, or mixing with the underlying water. The temperature threshold for the appearance of the first significant changes is at ϳ140 K, which is in accordance with the onset of methanol desorption 32 ͑see also Fig.  6͒ . At 155 K, a spectrum ͑dotted͒ is observed that resembles neither that of water nor that of methanol. However, as shown in the inset of Fig. 3 , it is possible to fit a linear combination of a pure water and methanol spectrum to this MIES spectrum ͑see also Ref. 13͒. This is in accordance with the partial desorption of methanol and the appearance of water molecules at the surface. The appearance of the O(2 p) feature at higher temperatures indicates more complete desorption of water and methanol from the MgO surface. On the other hand, due to the averaging properties of UPS over several adlayers, the observed changes in UPS ͑not shown here͒ are small. From 165 K the UPS spectra are dominated by contributions from the MgO/Mo͑100͒ substrate, which indicates essential complete desorption of the multilayer species. Figure 4 presents MIES data taken during the adsorption of water on a methanol precovered MgO/Mo͑100͒ surface. The bottom spectrum corresponds to the MgO surface after dosing 8 L methanol at 100 K. The uppermost spectrum corresponds to the methanol precovered surface after dosing 32 L water. As shown in the inset, even after a relatively high water dosage, the uppermost spectrum in Fig. 4 is very similar to the spectrum of a mixed water/methanol surface, indicating that methanol is located at the outermost surface region. Given the relative high water dose, we believe that water has formed a closed layer on the methanol-covered substrate. This conclusion is supported by an almost pure water UPS spectrum obtained from the methanol layer covered by 32 L water. Further support for this interpretation will be given in the Discussion. Thus, the appearance of a mixed water-methanol spectrum after the high water dose of Fig. 4 suggests that a portion of the preadsorbed methanol is in the topmost surface layer during the buildup of the water multilayer.
Following the experiment presented in Fig. 4 , temperature-dependent measurements were carried out for the methanol-water-covered MgO/Mo͑100͒ surface. The sequence of MIES spectra acquired while ramping the substrate temperature from 100 to 500 K is shown in Fig. 5 . The bottom MIES spectrum was taken from the as-prepared surface in Fig. 4 at 105 K. The threshold temperature for significant changes in MIES is at ϳ145 K. However, in comparison to the experiment of Fig. 3 , the changes are relatively small, since mixing of water with the preadsorbed methanol at the surface has already occurred at 100 K.
Interestingly, the observed changes in the sequence of MIES spectra between 100 and 145 K are reversed between 145 and 155 K; the spectrum at 155 is very similar to the 100 K spectrum and thus, similar to the 155 K spectrum of Fig. 3 . A direct comparison between Figs. 3 and 4 reveals that the complete sequence of MIES spectra taken over 140 K in Fig.  5 is very similar to the corresponding spectra of Fig. 3 . With increasing exposure, the formation of an additional distinct structure at 144 K indicates multilayer adsorption. Interestingly, the shape of the desorption feature between 220 and 350 K changes with increasing exposure and exhibits an asymmetric structure with a maximum at 240 K. A detailed discussion of the methanol desorption spectrum will be published elsewhere. 28 The inset in Fig. 6 shows the methanol TPD spectrum corresponding to the 4 L ͑dotted spectrum͒ and 8 L spectra of Fig. 1 . Since the 4 L spectrum shows only one desorption feature between 200 and 320 K, these data confirm the formation of a chemisorbed methanol monolayer on the MgO surface at 4 L exposure. Figure 7 presents TPD data ͑3 K/s͒ in the temperature range from 100 to 280 K obtained from the surface prepared as in Fig. 2, i. e., 4 L methanol adsorbed onto the MgO/ Mo͑100͒ surface precovered by 25 L water. In the TPD spectra, methanol corresponds to the mass 32 signal, and water (D 2 O) to the mass 20 signal. In addition to the 4 L methanol spectrum, a methanol spectrum obtained after dosing 8 L methanol to the water precovered MgO surface is shown. In both methanol spectra, two distinct peaks are apparent, one at 143 and one at 173 K. The methanol feature at 143 K corresponds to multilayer methanol desorption, 32 which is consistent with the increase in the intensity of this feature after dosing an increased amount ͑8 L͒ of methanol. The methanol feature at 173 K appears concurrently with an intense mass 20 signal, the latter indicating the desorption of multilayer water. The intensity of the 173 K methanol feature does not depend on the initial methanol coverage, i.e., the intensity of this feature is the same for the 4 and 8 L exposures. This coverage independence of the 173 K methanol feature can be explained by assuming that the methanol contributing to this feature was initially at the methanolwater interface. This interpretation is consistent with the fact that a decrease in the water precoverage ͑not shown here͒ has essentially no effect on the overall methanol TPD peak intensity. The relative increase in the methanol peak intensity after an 8 L water exposure is only 1.3 times that observed following a methanol dose after a 4 L water exposure. This increase in the methanol TPD peak intensity occurs mainly within the 143 K peak; therefore, we believe that the sticking probability of methanol on water is higher than methanol on methanol. Figure 8 presents TPD data in the temperature range from 100 to 280 K obtained from the surface prepared as in Fig. 4, i. e., 32 L water adsorbed onto a MgO/Mo͑100͒ surface precovered by ͑a͒ 8 L and ͑b͒ 14 L methanol. In addition to the D 2 O signal, methanol is observed at m/eϭ32 and 33; mass 33 is expected if there is efficient D-H exchange. For the MgO surface precovered by 8 L methanol, the TPD spectrum shows only one desorption feature for methanol, coincident with multilayer water desorption. The small feature at 162 K appears at the same temperature previously shown to correspond to the transformation of AWS to crystalline ice in multilayer water. 3 As shown in Fig. 6 , methanol exposures greater than 4 L methanol lead to a significant amount of physisorbed methanol. However, a low temperature desorption feature typical for physisorbed methanol is not apparent in Fig. 8͑a͒ . On the other hand, similar to the experiment shown in Fig. 7 , the TPD spectrum in Fig. 8͑b͒ shows two distinct desorption features for methanol, one at 145 and another at 174 K. However, the methanol desorption feature at 145 K of Fig. 8͑b͒ has an extremely sharp onset at 140 K, suggesting differing desorption kinetics from that at 174 K. It is likely that the water multilayer on the preadsorbed methanol acts as a cap, which opens at 140 K due to the high mobility of water at this temperature. We do not think that the methanol desorption feature at 145 K is of the same origin as that observed for water adsorbed on CCl 4 , 33 i.e., corresponding to an abrupt release of methanol during the phase transition from ASW to crystalline ice. First, the ASW to crystalline ice phase transition occurs at a significantly higher temperature ͑at ϳ160 K for D 2 O͒ and second, only the threshold of the methanol desorption feature at 140 K is very sharp. Its tail to higher temperatures exhibits similar desorption kinetics to those observed in Fig. 7 . The small feature in the water signal between 140 and 155 K ͑also seen in Fig. 7͒ , is attributed to water induced desorption by the methanol.
B. Thermal programmed desorption "TPD…
IV. DISCUSSION
The adsorption of methanol on the clean MgO͑100͒ surface ͑Fig. 1͒, in a coverage regime up to 1 ML ͑dotted spectrum͒, yields well-developed M 3 and M 4 features but shows almost no intensity in the binding energy range of the features M 1 and M 2 . The missing intensity from the oxygen lone-pair orbitals (M 1 ,M 2 ) at low coverages can be explained either by a strong interaction between the molecular lone pairs and the substrate surface 34 or by a preferential orientation of the methanol molecules with their hydroxyl groups toward the substrate, which would inhibit the ionization of these orbitals by the impinging He*. However, either explanation implies a conformation of the methanol molecule on the MgO surface with the hydroxyl group in direct contact with the substrate. This methanol orientation is consistent with the adsorption model suggested in previous studies 8, 32 that methanol adsorbs on MgO in a configuration with the C-O bond almost parallel to the surface normal. From the TPD data presented in Fig. 6 , together with the electron spectroscopic results, we conclude that methanol wets the MgO surface and thus forms a closed-packed molecular monolayer. Our MIES/UPS data are not consistent with heterolytic dissociation of methanol on MgO as suggested previously. 32 As shown in previous UPS studies ͑see Ref. 26 for a review͒, the dissociative adsorption of methanol on various surfaces results in a pronounced doublet feature at ϳ6 and 10 eV binding energies, respectively, due to the formation of surface hydroxyls. MIES is particularly sensitive for the detection of hydroxyls on MgO; 27 however, a hydroxyl induced structure is not apparent in Fig. 1 . An additional strong argument against dissociative adsorption is the appearance of a well-developed M 4 feature during submonolayer adsorption in the sequence of MIES spectra in Fig. 1 . The M 4 band is attributed to the ionization of the OH orbital, which has a high electron density, not only on the oxygen atom, but also on the methyl group. 25 The MIES data acquired during methanol adsorption on the water precovered MgO surface ͑Fig. 2͒ show that methanol wets the water surface efficiently. In previous studies ͑see Ref. 5 for a review͒ it has been shown that water films Ͻ6 monolayers in thickness do not show the microporosity typical for ASW, therefore we assume that our water films are not microporous. The coincidental appearance of all four methanol bands during methanol adsorption in the submonolayer regime suggest a different type of bonding compared to the clean MgO surface. Since the methanol-water hydrogen bond is intermediate in strength between the stronger waterwater and the weaker methanol-methanol bond, methanol prefers to bond to surface water rather than to other methanol molecules. 9, 35 A bonding geometry with the methanol molecules highly inclined with respect to the surface normal, which maximizes the hydrogen bonding interactions with the water surface, is consistent with the relative hydrogen bond strengths, and has been suggested for the adsorption of methanol on a water precovered NiO surface. 10 This adsorption model is in accordance with our MIES data, since it would allow the impinging He* to interact essentially with all molecular orbitals of the adsorbed methanol. A strong interaction of methanol molecules with the underlying water multilayer is consistent with the finding that only a portion of methanol desorbs from the water surface in the temperature regime typical for the desorption of physisorbed methanol 36 ͑see also Fig. 6͒ . The complete coverage of the water multilayer in Fig. 2 at a relative low methanol dosage of 3.5 L, which is barely sufficient to form a monolayer on the MgO substrate, is inconsistent with the suggestion that methanol penetrates the water multilayer significantly during adsorption. A mixing of methanol with the underlying water multilayer would reduce the methanol concentration within the outermost surface region, resulting in a contribution from water in MIES. However, such behavior is expected for molecules that strongly H-bond at higher temperatures. 4 This is in accordance with the observation in Fig. 7 that methanol desorption between 150 and 180 K coincides with water desorption. The appearance of a mixed water-methanol spectrum in MIES is observed at a temperature close to the irreversible phase transformation of ASW into crystalline ice at 160 K, 33 supporting the viewpoint that in addition to the methanol desorption, an increasing mobility of molecules in the water multilayer is responsible for the observed changes.
The adsorption of water on the methanol precovered surface is more complex. Apparently, during water adsorption it is not possible to produce a methanol-free water surface, e.g., the uppermost spectrum in Fig. 4 shows contributions from water and methanol ͑see inset in Fig. 4͒ . As previously mentioned, we do not believe that the mixed water/methanol spectrum is due to an incomplete wetting of the methanol surface by water. In order to provide more evidence for this interpretation, water was adsorbed onto a CCl 4 precovered MgO surface. Since CCl 4 is well known to be hydrophobic, covering of the CCl 4 by water is less likely than for methanol. However, after an 8 L dose of water to the CCl 4 precovered MgO surface, no CCl 4 intensity is evident in MIES, indicating that the surface is entirely covered by water. Thus we expect complete coverage for a 32 L water exposure to the methanol surface.
Our data suggest that at the initial stages of water adsorption, single water molecules are able to break the relative weak methanol-methanol H-bond in order to form a more stable water-methanol H-bond. The importance of the condensation energy for the hydrogen bond breaking cannot be addressed in the framework of the present study. On the other hand, our data show that the adsorption and the buildup of multilayer water at 100 K is a highly dynamical process, which allows a portion of the methanol molecules to be solvated within the water multilayer, and moreover, allows the methanol molecules to arrange in a configuration that minimizes their potential energy in the water solvent, i.e., maintains their hydrophobic methyl groups on the surface. For water-methanol mixtures in the liquid phase at room temperature, such behavior is well known. 37 The sequence of UPS spectra ͑see inset of Fig. 5͒ taken concurrently with the temperature-dependent MIES measurement shown in Fig. 5 , reveals that when ramping the substrate temperature from 100 to 500 K, no significant amount of methanol appears on the surface. The set of UPS spectra from 100 to 155 K is clearly dominated by contributions from the ionization of water molecules and reveals no temperature-dependent change. This observation is noteworthy since it shows that no methanol-water mixing occurs before the methanol breaks through the water cap at 140 K. Between 155 and 170 K a sudden change in UPS from a spectrum dominated by water to a spectrum dominated by intensity from the MgO/ Mo͑100͒ substrate is in accordance with the observation of a strong water/methanol desorption in the TPD. For elevated substrate temperatures, i.e., over 145 K, there is virtually no difference between the sequence of MIES spectra from the MgO/water/methanol and the MgO/ methanol/water systems. From these results we conclude that, independent of the layer preparation, the methanolwater surface exhibits a favored stoichiometry. Since the MIES spectra in Fig. 5 for the 100 and the 155 K surface are similar, we believe that this optimum stoichiometry is achieved during water adsorption on the methanol precovered surface. This indicates that reduced mobility of water molecules preadsorbed at 100 K restricts the applicability of ASW as a model for liquid water. In addition, the similarity in the sequence of MIES spectra in Figs. 3 and 5 after the appearance of the MgO substrate intensity suggests that interaction of the precovered molecular species with the MgO surface is of minor importance, i.e., the adsorption and desorption kinetics on the MgO/Mo͑100͒ surface are governed by the water-methanol interaction.
V. CONCLUSIONS
We have investigated the adsorption of methanol and the coadsorption of methanol and water on the MgO-covered Mo͑100͒ surface at 100 K by means of MIES, UPS, and TPD. Our MIES/UPS data obtained during methanol adsorption on MgO͑100͒ films confirm that methanol adsorbs in a configuration with the hydroxyl group oriented toward the MgO substrate. Since the electron spectroscopic data yield no evidence for an interaction of isolated hydroxyls with the MgO substrate, the adsorption of methanol on MgO is believed to be nondissociative. It is found that methanol wets the MgO and the water precovered MgO surface; however, it is impossible to form a methanol-free water surface by dosing water to the methanol precovered MgO layer. An almost constant fraction of the preadsorbed methanol remains within the topmost surface layer during the buildup of the water multilayer. Temperature-dependent measurements show that the adsorption and desorption dynamics of the adsorbates are governed by the methanol-water interaction rather than by the adsorbate-substrate interaction.
